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ABSTRACT 
'HOD\HG+\GULGH&UDFNLQJ'+&LVDFUDFNJURZWKPHFKDQLVPWKDWRFFXUVLQ]LUFRQLXPDO
OR\VLQFOXGLQJWKHSUHVVXUHWXEHVRI&$1'8UHDFWRUV'+&LVFDXVHGE\K\GURJHQLQVROXWLRQLQ
]LUFRQLXPFRPSRQHQWVEHLQJGLIIXVHGWRDQ\IODZVSUHVHQWUHVXOWLQJLQDQLQFUHDVHGFRQFHQWUDWLRQ
RIK\GURJHQZLWKLQWKHVHIODZV$QLQFUHDVHGK\GURJHQFRQFHQWUDWLRQFDQOHDGWREULWWOHQHVVIRO
ORZHGE\FUDFNLQJLQKLJKVWUHVVUHJLRQVRIDSUHVVXUHWXEH5HJXODULQVHUYLFHXOWUDVRQLFLQVSHFWLRQ
RI&$1'8SUHVVXUHWXEHVDLPVWRORFDWHDQGFODVVLI\DQ\IODZVWKDWSRVHDSRWHQWLDOIRU'+&LQLWL
DWLRQ$FRPPRQDSSURDFKWRLQVSHFWLRQLVWKHXVHRIDEHVSRNHWRROFRQWDLQLQJPXOWLSOHXOWUDVRQLF
WUDQVGXFHUV WRHQVXUH WKDWHDFKSRLQWRQ WKHSUHVVXUH WXEH LV LQVSHFWHGIURPDPLQLPXPRI WKUHH
DQJOHVGXULQJDVFDQ$OOIODZVIURPZLWKLQWKHLQVSHFWHGSUHVVXUHWXEHVPXVWEHFKDUDFWHUL]HGSULRU
WRUHVWDUWLQJWKHUHDFWRUWKXVWKHWLPHFRQVXPLQJDQDO\VLVSURFHVVOLHVRQWKHFULWLFDORXWDJHSDWK
7KLVSURFHVVLVPDQXDOO\LQWHQVLYHDQGRIWHQUHTXLUHVDVLJQLILFDQWDPRXQWRIH[SHUWNQRZOHGJH$
PRGXODUV\VWHPWRDXWRPDWLFDOO\SURFHVVRXWDJHGDWD WRSURYLGHGHFLVLRQVXSSRUW WRDQDO\VWV KDV
EHHQGHYHORSHG7KLVV\VWHPVDYHVWLPHRQWKHFULWLFDORXWDJHSDWKZKLOHSURYLGLQJUHSHDWDEOHDQG
H[SOLFDEOHPHDVXUHPHQWV3DUWRIWKHDQDO\VLVSURFHVVUHTXLUHVWKHGHSWKRIDOOIODZVWREHPHDVXUHG
ZKLFKLVRIWHQWKHPRVWWLPHFRQVXPLQJVWDJHRIWKHDQDO\VLVSURFHVV7KLVSDSHUGHVFULEHVDQDS
SURDFKWKDWXWLOL]HVFDSWXUHGDQDO\VWVNQRZOHGJHWRSHUIRUPDXWRPDWLFIODZGHSWKHVWLPDWLRQ 
.H\:RUGV$XWRPDWLRQ([SHUW6\VWHP8OWUDVRQLF1'( 
1  INTRODUCTION 
$VDODUJHSURSRUWLRQRIQXFOHDUSRZHUSODQWVDUHHQWHULQJWKHODWWHUVWDJHVRIWKHLURSHUDWLRQDOOLIHWLPHV
HQVXULQJUHOLDELOLW\RIFRPSRQHQWVZLWKLQWKHSODQWEHFRPHVPRUHQHFHVVDU\IRUERWKFRQWLQXHGVDIHW\DQG
WRPLQLPL]HXQSODQQHGRXWDJHV,QWKHFDVHRIWKH&DQDGD8UDQLXP'HXWHULXP&$1'8UHDFWRUSODQQHG
RXWDJHVDUHJHQHUDOO\VFKHGXOHGDSSUR[LPDWHO\HYHU\WKUHH\HDUVZKHUHDFRPSUHKHQVLYHLQVSHFWLRQRIWKH
UHDFWRUFRPSRQHQWV WDNHVSODFH$GLDJUDPRI WKH&$1'8UHDFWRU LV VKRZQLQ)LJXUH>@ZKHUH WKH
SUHVVXUHWXEHVDQGWKHIXHOEXQGOHVFRQWDLQHGZLWKLQWKHPDUHDQQRWDWHGDORQJZLWKRWKHUNH\FRPSRQHQWV
RIWKHUHDFWRU$VSDUWRIWKHLQVSHFWLRQSURJUDPDVXEVHWRIWKHUHDFWRU¶VSUHVVXUHWXEHVDUHH[DPLQHG
QRQGHVWUXFWLYHO\XVLQJDVHULHVRIXOWUDVRQLFPHDVXUHPHQWV>@7KHVHPHDVXUHPHQWVDUHPDQXDOO\DQD
O\]HGE\DWHDPRIKXPDQDQDO\VWVZKLFKLVDWLPHFRQVXPLQJSURFHVVWKDWOLHVRQWKHFULWLFDOSDWKWRWKH
UHVWDUWRIWKHUHDFWRU,QRUGHUWRUHGXFHWKHWLPHVSHQWGXULQJDQDO\VLVDQGWRLQFUHDVHWKHUHSHDWDELOLW\RI
PHDVXUHPHQWVPDGHDPRGXODUV\VWHPFDOOHG$XWRPDWHG'DWD$QDO\VLVIRU3UHVVXUH7XEHV$'$37KDV
EHHQGHYHORSHG WKDWDLPV WR UHSOLFDWH WKHSURFHVVSHUIRUPHGE\ WKHKXPDQDQDO\VWV LQRUGHU WRSURYLGH
GHFLVLRQVXSSRUWIRUPDQXDODQDO\VLV 
$NH\IXQFWLRQRI$'$37LVWKHHVWLPDWLRQRIWKHGHSWKRIDORFDWHGGHIHFW$FFXUDWHPHDVXUHPHQWRI
DGHIHFW¶VGHSWKDOORZVWKHWUDFNLQJRIGHIHFWJURZWKRYHUWLPHDVZHOODVWKHDELOLW\WRSHUIRUPLQIRUPHG
VLPXODWLRQVRIGHIHFWEHKDYLRURYHU WLPH'HOD\HG+\GULGH&UDFNLQJ '+& LVDPDMRU FRQFHUQZLWKLQ
UHDFWRUGHVLJQVWKDWXWLOL]H]LUFRQLXPFRPSRQHQWVDQGLVFDXVHGE\LQFUHDVHGK\GULGHFRQFHQWUDWLRQFRXSOHG
ZLWK WKH LQFUHDVHGPHFKDQLFDO VWUHVVHVDVVRFLDWHGZLWK WKHVHGHIHFWVDVZHOODV WKHKHDWLQJDQGFRROLQJ
F\FOHVRI WKH UHDFWRU$VLGH IURPPDQXIDFWXULQJ IODZV WKHPRVWFRPPRQDUHDVZKHUHK\GULGHEXLOGXS
WDNHVSODFHDUHVXUURXQGLQJGHIHFWVFDXVHGE\LQVHUYLFHRSHUDWLRQ'HIHFWLYHUHJLRQVDUHPRGHOOHGLQVRIW
ZDUHWRSUHGLFWZKHQWKHSUHVVXUHWXEHLVDWULVNRI'+&>@DWZKLFKWLPHWKHSUHVVXUHWXEHZLOOEHUHSODFHG
WRHQVXUHQRGDPDJHFDQRFFXUWRWKH UHDFWRUZKLFKLVDSRVVLEOHFRQVHTXHQFHIROORZLQJD OHDN7KHVH
VLPXODWLRQVPDNHDFRQVHUYDWLYHDVVHVVPHQWWKDWFDQEHLPSURYHGE\NQRZLQJDFFXUDWHGLPHQVLRQVRID
GHIHFW 
7KLV SDSHU SUHVHQWV DQ H[SHUWV\VWHPV LQVSLUHG PHWKRG WR PHDVXUH WKH GHSWK RI D GHIHFW ZLWKLQ D
&$1'8SUHVVXUHWXEH([SHUWV\VWHPVKDYHEHFRPHFRPPRQIRUSURJQRVWLFVDQGKHDOWKPDQDJHPHQWIRU
LQGXVWULDOXVHIRUDQXPEHURI\HDUV>@DQGKDYHEHHQSUHYLRXVO\DSSOLHGWRXOWUDVRQLF1'(IRUWKHYDOL
GDWLRQRIVLPXODWLRQV>@7KHXVHRIH[SHUWV\VWHPVIRUSURJQRVWLFVLQQXFOHDUDSSOLFDWLRQVLVOHVVFRPPRQ
>@DQGWKHXVHRIDQH[SHUWV\VWHPIRUXOWUDVRQLFGHSWKPHDVXUHPHQWLQDQXFOHDUDSSOLFDWLRQLVDQRYHO
DSSOLFDWLRQRIWKHDSSURDFK5HVXOWVIURPWKLVPHWKRGDUHFRPSDUHGWRPHDVXUHPHQWVPDGHE\KXPDQRS
HUDWRUVZKHUHDFFXUDF\LVGHWHUPLQHGE\DVVHVVLQJWKHGLIIHUHQFHVLQGHSWKUHSRUWHGE\WKHKXPDQRSHUDWRU
DQGWKHDOJRULWKP 
 
2 PRESSURE TUBE INSPECTION 
 
3UHVVXUHWXEHVZLWKLQ&$1'8UHDFWRUVDUHLQVSHFWHGXVLQJDURWDWLQJWRROFRQWDLQLQJPXOWLSOHXOWUD
VRQLFGHYLFHV7KHPRWLYDWLRQEHKLQGXVLQJPXOWLSOHGHYLFHVRQDVLQJOHWRROLVWRLQVSHFWWKHWXEHIURPD
QXPEHURIGLIIHUHQWDQJOHVWRPD[LPL]HWKHLQIRUPDWLRQDYDLODEOHDERXWSRWHQWLDOGHIHFWV>@7KHWRROLV
PRYHGWKURXJKWKHSUHVVXUHWXEHUHFRUGLQJLWVSRVLWLRQDVZHOODVWKHXOWUDVRQLFVLJQDOVIURPHDFKGHYLFH
Figure 1. An illustration of the CANDU reactor, showing the pres-
sure tubes discussed in this paper and the fuel bundles that reside 
within the pressure tubes. A full pressure tube contains 12 fuel bun-
dles. 
7KLVGDWDLVWKHQSURYLGHGWRWKHDQDO\VLVWHDPZKRUHYLHZWKHPHDVXUHPHQWVXVLQJFXVWRPVRIWZDUHD
VFUHHQVKRWRIZKLFKLVVKRZQLQ)LJXUHORFDWLQJVL]LQJDQGFODVVLI\LQJDQ\GHIHFWVIRXQG 
2QFHDGHIHFWKDVEHHQORFDWHGDQGWKHOHQJWKDQGZLGWKPHDVXUHGWKHGHSWKLVGHWHUPLQHGE\H[DPLQLQJ
%VFDQGDWDVHWVDQGORFDWLQJWKHXOWUDVRQLFUHIOHFWLRQIURPWKHERWWRPRIDGHIHFW(YHU\%VFDQGDWDVHW
FRQWDLQVXOWUDVRQLFPHDVXUHPHQWVIURPWKUHHVRXUFHVD0+]QRUPDOLQFLGHQFHSUREHRSHUDWLQJLQSXOVH
HFKRPRGH1%HDPD0+]D[LDOSLWFKFDWFKVKHDUZDYHSUREHLQDIXOOVNLSFRQILJXUDWLRQ$3&D
0+]FLUFXPIHUHQWLDOSLWFKFDWFKVKHDUZDYHSUREHDOVRLQDIXOOVNLSFRQILJXUDWLRQ&3&7KHIXOO
VNLSFRQILJXUDWLRQDOORZVIRULQVSHFWLRQIURPEHORZWKHGHIHFWZKLFKLVXVHIXOZKHQR[LGHGHSRVLWVZLWKLQ
WKHGHIHFWPDNHPHDVXUHPHQWVIURPWKHVXUIDFHGLIILFXOW$VOLFHRIGDWDIURPHDFKRIWKHVHVRXUFHVFDQEH
DOVRVHHQLQWKHVFUHHQVKRWVKRZQLQ)LJXUH 
7KHGHSWKPHDVXUHPHQWSURFHVVLQYROYHVLQLWLDOO\ORFDWLQJWKHUHIHUHQFHEDFNZDOOUHIOHFWLRQZKLFK
FDQEHFRPSOLFDWHGE\WKHIDFWWKDWWKHGLVWDQFHEHWZHHQWKHSUREHDQGWKHLQWHUQDOVXUIDFHRIWKHSUHVVXUH
WXEHGRHVQRWUHPDLQFRQVWDQWDVWKHLQVSHFWLRQWRROURWDWHVGXULQJWKHVFDQ2QFHWKHUHIHUHQFHKDVEHHQ
ORFDWHGWKHUHIOHFWLRQIURPWKHERWWRPRIWKHWDUJHWGHIHFWPXVWEHORFDWHGLQDQ$VFDQ,QGLYLGXDO$VFDQV
FDQDSSHDUFRPSOH[LIWKH\DUHVXEMHFWWRQRLVHRULIWKHERWWRPRIWKHGHIHFWLVURXJK(DFK$VFDQLVD
VXSHUSRVLWLRQRIDOORIWKHUHIOHFWLRQVWKDWRFFXUZLWKLQWKHSUHVVXUHWXEHDQGFRPSOH[$VFDQVDUHFRPSULVHG
RIPXOWLSOHUHIOHFWLRQV,QWKLVFDVHDQDO\VWVPXVWXVHWKHLUNQRZOHGJHDQGH[SHULHQFHWRVHOHFWWKHDSSUR
SULDWHUHIOHFWLRQIRUHDFK$VFDQ7KHGHSWKLVWKHQFDOFXODWHGE\FRPSDULQJWKHSRVLWLRQRIWKHEDFNZDOO
UHIHUHQFHWRWKHSRVLWLRQRIWKHERWWRPRIWKHGHIHFW 
Figure 2. A screenshot from the ultrasonic analysis software. Three different B-scan datasets are availa-
ble for each position and each dataset is comprised of individually focused A-scans. The backwall reflec-
tions appear to curve due to the movement of the tool as it rotates inside the pressure tube. 
7KHFRQILGHQFHLQWKHGHSWKPHDVXUHPHQWLVLQFUHDVHGE\UHSHDWLQJWKHSURFHVVRQHDFKRIWKHWKUHH
GDWDVRXUFHV,IWKHPHDVXUHPHQWVIURPHDFKVRXUFHDJUHHWKHQWKHDQDO\VWFDQEHUHDVRQDEO\FRQILGHQWWKDW
WKHGHSWKLVDFFXUDWH,IWKH\GLIIHUWKHDQDO\VWVHHNVDQH[SODQDWLRQDQGSRWHQWLDOO\VHHNVDQRWKHUPHDVXUH
PHQWSRLQWZLWKLQWKHGDWDVHW 
 
3 PROPOSED METHODOLOGY 
,Q RUGHU WR IDLWKIXOO\ UHSURGXFH WKH SURFHVV XVHG E\ DQDO\VWV WKH &RPPRQ.$'6 DSSURDFK WR
NQRZOHGJH UHSUHVHQWDWLRQ ZDV DGRSWHG >@ .QRZOHGJH $FTXLVLWLRQ DQG 'RFXPHQWDWLRQ 6WUXFWXULQJ
.$'6GHILQHVDVWUXFWXUHGDSSURDFKWRGHVLJQLQJNQRZOHGJHEDVHGV\VWHPVDQGWKLVDSSURDFKPDWXUHG
LQWRWKHZHOONQRZQ&RPPRQ.$'6PHWKRGRORJ\ 
&RPPRQ.$'6GHILQHVJHQHUDOJXLGHOLQHVIRUNQRZOHGJHFDSWXUHNQRZOHGJHUHSUHVHQWDWLRQDQGWKH
LPSODQWDWLRQRINQRZOHGJHV\VWHPV7KHSURFHVVRIUHSUHVHQWLQJDV\VWHPXVLQJ&RPPRQ.$'6LQYROYHV
EXLOGLQJDVHULHVRIUHODWHGPRGHOV$QRYHUDOOWDVNPRGHOKDVEHHQGHULYHGWKDWGHILQHVWKHDQDO\VWV¶UROH
LQWKHRYHUDUFKLQJLQVSHFWLRQSURFHVV)URPWKHWDVNPRGHOLQGLYLGXDOFRPSRQHQWVRIWKHDQDO\VLVSURFHVV
KDYHEHHQKLJKOLJKWHGIRUGHYHORSPHQWLQDNQRZOHGJHV\VWHP7KHGHSWKHVWLPDWLRQSURFHVVLVRQHRIWKHVH
FRPSRQHQWVDQGWKHRQHIRFXVHGXSRQLQWKLVSDSHU 
)RUPDONQRZOHGJHHOLFLWDWLRQZDVFRQGXFWHGZLWKGRPDLQNQRZOHGJHH[SHUWVLQRUGHUWREXLOGXSD
NQRZOHGJHPRGHO:LWKLQ&RPPRQ.$'6NQRZOHGJHPRGHOVKDYHWKUHHPDLQFDWHJRULHVWDVNLQIHUHQFH
DQGGRPDLQNQRZOHGJH'RPDLQNQRZOHGJHVSHFLILHVWKHGRPDLQVSHFLILFNQRZOHGJHUHTXLUHGIRUFRPSOH
WLRQRIWKHWDVN,WGHILQHVWKHH[SHUWNQRZOHGJHDQGDOORZVIDFWVDERXWDV\VWHPWREHDVFHUWDLQHG7KH
LQIHUHQFHNQRZOHGJHGHVFULEHVWKHUHDVRQLQJWKDWWDNHVSODFHZLWKLQDV\VWHP7KHLQIHUHQFHNQRZOHGJH
FDQEHXVHGWRHYDOXDWHLQIRUPDWLRQPDGHDYDLODEOHWKURXJKWKHGRPDLQNQRZOHGJHLQRUGHUWRHVWDEOLVK
QHZIDFWVDERXWWKHV\VWHP7KHWDVNFDWHJRU\RIWKHNQRZOHGJHPRGHOUHSUHVHQWVWKHJRDOVWKDWDQH[SHUW
ZLOOZRUNWRZDUGVDQGLQFOXGHVDGHFRPSRVLWLRQLQWRVXEWDVNVDQGLQIHUHQFHVUHTXLUHGWRFRPSOHWHWKHWDVN 
)RUWKHVSHFLILFDSSOLFDWLRQRIGHSWKHVWLPDWLRQXVLQJXOWUDVRQLFGDWDDWDVNPRGHOZDVJHQHUDWHGZLWK
HDFKVXEWDVNDEOHWREHUHSUHVHQWHGE\DQLQIHUHQFHPRGHORUDQDOJRULWKP,QRUGHUWRUHPRYHWKHUHTXLUH
PHQWWRUHYLVLWDGDWDVHWPXOWLSOHWLPHVLQDSRWHQWLDOO\LWHUDWLYHSURFHVVWKHFRQFHSWRIDµGHSWKPDS¶ZDV
LQVWHDGLQWURGXFHG,QVWHDGRIDVLQJOHPHDVXUHPHQWEHLQJPDGHIURPHDFK$VFDQPXOWLSOHPHDVXUHPHQWV
Figure 3. A visual representatioQRIWKHµGHSWK-PDS¶WKDWFRQWDLQVPXOWLSOHPHDVXUHPHQWVIURPHDFK$-
scan. 
DUHPDGHZLWKDFRQILGHQFHDVVLJQHGWRHDFK7KHVHPHDVXUHPHQWVDUHVWRUHGLQDGDWDVHWWKDWFDQEHUHIHUUHG
WRZKHQPDNLQJLQIHUHQFHV$YLVXDOUHSUHVHQWDWLRQRIWKLVGDWDVHWLVVKRZQLQ)LJXUH 
$WDVNNQRZOHGJHPRGHOZDVJHQHUDWHGIURPIRUPDONQRZOHGJHFDSWXUHVHVVLRQVZLWKH[SHUWVDVZHOO
DV H[WUDFWLQJ LQIRUPDWLRQ IURP LQVSHFWLRQ VSHFLILFDWLRQ GRFXPHQWDWLRQ 7KH WDVN VXEVHFWLRQ RI WKH
NQRZOHGJHPRGHOLVUHSUHVHQWHGE\WKHLPDJHLQ)LJXUH7KHPRGHOLVVSOLWLQWRWZRPDLQVHFWLRQVWKH
LQLWLDOFUHDWLRQRIWKHGHSWKPDSDQGWKHVHOHFWLRQRIWKHPRVWOLNHO\RYHUDOOGHSWKPHDVXUHPHQWIRUDQ\
JLYHQSRLQW 
7KHJHQHUDWLRQRIWKHGHSWKPDSLVSUL
PDULO\DOJRULWKPGULYHQDQGWKHPDLQJRDORI
WKLV VHFWLRQ LV WR LGHQWLI\SRWHQWLDOPHDVXUH
PHQWSRLQWVDQGHVWDEOLVKNH\IHDWXUHSDUDP
HWHUYDOXHVZKHUHDUHXVHGDVLQSXWVWRWKHLQ
IHUHQFH PRGHO ,GHQWLILFDWLRQ RI WKH PRVW
OLNHO\GHSWKPHDVXUHPHQWVLVDFKLHYHGE\DS
SO\LQJDVHWRIGRPDLQUXOHVUHSUHVHQWLQJFRQ
ILGHQFH DGMXVWPHQWV WR HDFK HOHPHQW RI WKH
GHSWKPDS7KLVLQIHUHQFHPRGHOLVVKRZQLQ
)LJXUH 
2QFHHDFKHOHPHQWRIWKHGHSWKPDSKDV
EHHQDVVLJQHGDFRQILGHQFHWKHKLJKHVWFRQ
ILGHQFHHOHPHQW LVFKRVHQDV WKHEHVWPHDV
XUHPHQW IRU HDFK SL[HO )LQDOO\ WR UHSRUW D
VLQJOH GHSWK WKH ODUJHVW GHSWK IRXQG LQ WKH
SURFHVVHGGHSWKPDSLVUHWXUQHGIURPWKHV\V
WHP 
)LJXUH  VKRZV VRPH H[DPSOH GRPDLQ
UXOHV GHILQHG ZLWKLQ WKH NQRZOHGJH EDVH
(DFKRIWKHVHUXOHVZKHQILUHGPRGLILHVWKH
FRQILGHQFH RI DQ LQGLYLGXDO HOHPHQW ZLWKLQ
Figure 4. A portion of the task subsection of the knowledge model for measuring the depth of a defect within a 
CANDU pressure tube. 
Figure 5. The inference model for used to calculate the 
confidence of each point in a pixel of the depth-map. 
WKHGHSWKPDS7KHVHUXOHVDUHDVVLJQHGDXQLTXHLGHQWLILFDWLRQQXPEHULQRUGHUWRIDFLOLWDWHWUDFNLQJRIWKH
UXOHVWKDWKDYHEHHQILUHGIRUDJLYHQLQSXW7KHUHDUHFXUUHQWO\UXOHVGHILQHGZLWKLQRXUNQRZOHGJHEDVH
7KHVHUXOHVDUHUXQDJDLQVWHDFKHOHPHQWZLWKLQWKHGHSWKPDSDQGDUHHDFKUXOHFDQEHUXQRYHU
WLPHVSHUGHIHFWZKHQHVWLPDWLQJWKHGHSWKRYHUDODUJHDUHD 
&RQVLGHUDW\SLFDO$VFDQVXFKDVWKHRQHGHSLFWHG
LQ)LJXUHZLWKVHOHFWHGIHDWXUHVRYHUODLGRQWKHLPDJH
(DFKIHDWXUHKDVWKHIROORZLQJNH\IHDWXUHSDUDPHWHUYDO
XHV 
x $PSOLWXGHWKHPDJQLWXGHRIWKHVLJQDODWWKHOR
FDWLRQRIWKHIHDWXUH 
x %DFNZDOO 5HIOHFWLRQ )HDWXUH$ %RROHDQ YDOXH
ZKLFKLVWUXHLIWKHIHDWXUHLVGHWHUPLQHGWREHIURPWKH
EDFNZDOOUHIOHFWLRQ 
x 0D[LPXP2XWVLGH%DFNZDOO5HJLRQ$%RROHDQ
YDOXHVHWWRWUXHLIWKHIHDWXUHKDVWKHODUJHVWPDJQLWXGH
RXWVLGHRIWKHEDFNZDOODUHD 
x ,V/RFDO0D[LPD$\HVQRYDOXH WKDWFKHFNV LI
WKH IHDWXUH KDV WKH KLJKHVW DPSOLWXGH FRPSDUHG WR WKH
RWKHUVIRUWKH$VFDQ 
x 'HSWKWKHGLVWDQFHIURPWKHEDFNZDOOUHIHUHQFH
SRVLWLRQWKDWWKHIHDWXUHLV 
 
(DFKSL[HOZLWKLQWKHGHSWKPDSLVPDGHXSRIDQXPEHURIWKHVHIHDWXUHVZLWKWKHDVVRFLDWHGNH\IHDWXUH
Figure 7. A typical A-scan with highlighted 
features 
Figure 6. A representation of a subset of the confidence rules defined within our knowledge model, and used 
to compute the confidence of individual features within A-scans 
SDUDPHWHU YDOXHV ZKHUH DUH UHIHUUHG WR E\ UXOHV GHILQHG ZLWKLQ WKH FRQILGHQFH PHDVXUHPHQW LQIHUHQFH
PRGHO 
:LWK WKHGHILQHGGRPDLQLQIHUHQFHDQGWDVNFDWHJRULHVZLWKLQ WKHNQRZOHGJHPRGHO LWZDVSRVVLEOH WR
GHYHORSVRIWZDUHEDVHGRQWKHNQRZOHGJHRIWKHH[SHUWDQGHDVLO\YDOLGDWHFDSWXUHGNQRZOHGJHXVLQJDQ
HDV\WRXQGHUVWDQGUHSUHVHQWDWLRQ 
 
4 RESULTS 
7KHSURSRVHGV\VWHPZDVWHVWHGRQKLVWRULFDOGDWDIURPSUHVVXUHWXEHVZLWKGHIHFWVLQWRWDO
$VVXEMHFWLYLW\LVRIWHQDIDFWRUDPRQJKXPDQDQDO\VWVDVHQVLEOHWKUHVKROGPXVWEHGHILQHGVRWKDWLWLV
SRVVLEOHWRIXOO\HYDOXDWHWKHV\VWHP7KHWKUHVKROGLVVHWWRPPDQGZDVFKRVHQIROORZLQJGLVFXVVLRQV
ZLWKGRPDLQH[SHUWV:KHQFRPSDULQJWKHUHVXOWVRIRXUV\VWHPWRWKRVHRIDQDO\VWVDIRUPNQRZQDVD
YHULILHGUHVXOWZDVXVHG9HULILHGUHVXOWV WDNH LQWRDFFRXQW WKHPHDVXUHPHQWVPDGHE\ WZRLQGHSHQGHQW
DQDO\VWVDQGDUHFRPSLOHGE\DWKLUGOHDGDQDO\VW7KHVHYHULILHGUHVXOWVZLOOEHWDNHQDVDJURXQGWUXWKIRU
WKLVV\VWHP 
:LWKLQWKHYHULILHGUHVXOWLIDGHSWKRIDGHIHFWLVPHDVXUHGWREHOHVVWKDQPPWKHUHSRUWHGGHSWK
LVOLVWHGDVµPP¶'HIHFWVWKDWDUHVKDOORZSRVHOHVVRIDULVNIRU'+&DQGWKHUHIRUHDVFHUWDLQLQJDQ
DFFXUDWHGHSWKLVQRWFULWLFDO:KHQPDNLQJFRPSDULVRQVZLWKWKHYHULILHGUHVXOWZHDVVXPHWKDWGHSWKV
UHSRUWHGDWDGHSWKRIµPP¶DUHDWDGHSWKRISUHFLVHO\PP 
7KHGHSWKPHDVXUHPHQWVZHUHFRPSDUHGWRWKHPHDVXUHPHQWVUHSRUWHGE\DQDO\VWVGXULQJWKHRXWDJH
IURPZKLFKWKHGDWDZDVUHFRUGHGNQRZQDVWKHYHULILHGUHVXOW)LJXUHDVKRZVDKLVWRJUDPRIWKLV
FRPSDULVRQ,WFDQEHREVHUYHGIURPWKHILJXUHWKDWWKHPDMRULW\RIPHDVXUHPHQWVDUHZLWKLQPPRIWKH
YHULILHGUHVXOW7KHUHDUHDQXPEHURIRXWOLHUVLQWKLVGDWDVHWZLWKDQHUURURIRYHUPP 
Figure 8. (a) The difference between results from the depth measurement algorithm and the ana-
O\VWV¶YHULILHGUHVXOW. (b) An enlarged region from (a), showing the region around the defined tol-
erance cutoff of 0.1 mm. 
)LJXUHEWDNHVDFORVHUORRNDWWKLVKLVWRJUDPZKHUHWKHGLIIHUHQFHVEHWZHHQWKHDXWRPDWHGV\VWHP
DQGYHULILHGUHVXOWDUHOHVV WKDQPP ,WDSSHDUVWKDWZKLOHPRVWRIWKHPHDVXUHPHQWVDUHZLWKLQ WKH
GHILQHGWROHUDQFHRIPPWKHUHDUHDQXPEHURIPHDVXUHPHQWVRXWVLGHRIWKLVUHJLRQ 
$QDO\VLVRIWKHGDWDVKRZVWKDWWKHGHSWKRIDGHIHFWKDVEHHQPHDVXUHGWRZLWKLQPPLQRI
FDVHVDQGWRZLWKLQPPLQRIFDVHV,QWKHFDVHVZKHUHWKHUHDUHGLVFUHSDQFLHVLQWKHGHSWKVUHSRUWHG
E\RXUVRIWZDUHDQGWKHYHULILHGUHVXOWDQDO\VWVFDQDXGLWWKHPHDVXUHPHQWVUHFRUGHGE\WKHV\VWHPE\
UHYLHZLQJWKHUHSRUWRIGHFLVLRQVPDGHE\WKHLQIHUHQFHHQJLQHDVLWRSHUDWHGRQWKHUXOHVGHILQHGZLWKLQ
WKHNQRZOHGJHPRGHO7KHDQDO\VWLVDEOHWRYLHZERWKWKHNQRZOHGJHDQGWKHUHDVRQLQJEHKLQGDQ\GHFL
VLRQV 
)LJXUHVKRZVDQH[DPSOHRIWKHH[SOLFDELOLW\ZLWKLQWKHV\VWHP7KHDQDO\VWPD\ZLVKWRTXHU\ZK\
DGHSWKKDVEHHQUHSRUWHGIRUDVSHFLILFSL[HOZLWKLQWKHGHSWKPDS7KHDQDO\VWFDQYLHZWKHHOHPHQWVRI
WKHGHSWKPDSRYHUODLGRQ WKH$VFDQ IURPZKLFK WKH\ZHUH H[WUDFWHG)ROORZLQJ WKLV WKH DQDO\VW FDQ
µPRXVHRYHU¶WKHHOHPHQWWRYLHZLQGLYLGXDOFRQILGHQFHVDQGWKHUHDVRQLQJEHKLQGWKHDVVLJQPHQWRIWKH
FRQILGHQFHV 
7KLVLVSDUWLFXODUO\SRZHUIXODVLIWKHH[SHUWGLVDJUHHVZLWKWKHRXWFRPHWKHQWKH\KDYHDVHWRIUXOHV
WRDUJXHDJDLQVWHJWKHUXOHVDUHZURQJDQGQHHGXSGDWLQJRUDFDVHLQTXHVWLRQOLHVRXWVLGHZKDWWKHUXOHV
FDQGHDOZLWKDQGWKHUHIRUHDGGLWLRQDOUXOHVRUUHILQHPHQWVDUHUHTXLUHG 
 
5 DISCUSSION 
)URPWKHUHVXOWVSUHVHQWHGLQWKHSUHYLRXVVHFWLRQLWLVFOHDUWKDWDQH[SHUWV\VWHPFDQSHUIRUPFRPSOH[
XOWUDVRQLFPHDVXUHPHQWVWRDUHDVRQDEOHGHJUHHRIDFFXUDF\$QHDUOLHULPSOHPHQWDWLRQRIWKHGHSWKPHDV
XUHPHQWV\VWHPXWLOL]HGDVLPSOHµORFDWLRQRIWKHWDOOHVWSHDN¶DOJRULWKPWKDWLVFRPPRQO\IRXQGZLWKLQ
FRPPHUFLDOXOWUDVRQLFV\VWHPVIRUEDVLFGHSWKPHDVXUHPHQW7KHEDVLFLPSOHPHQWDWLRQDFKLHYHGDSSUR[L
PDWHO\DFFXUDF\ZLWKDPPWROHUDQFHFRPSDUHGWRWKDWKDVEHHQGHPRQVWUDWHGZLWKWKHH[SHUW
V\VWHP7KH&RPPRQ.$'6DSSURDFKWRNQRZOHGJHUHSUHVHQWDWLRQKDVEHHQXVHGDVERWKDEDVLVIRUGH
YHORSLQJ WKHV\VWHPDVZHOODVD WRROXVHG WRGLVFXVV WKHGRPDLQH[SHUWLVHZLWKDQDO\VWVDQGIDFLOLWDWH
NQRZOHGJHH[FKDQJH 
Figure 9. An example of how the measurements from the ADAPT system are auditable. The analyst has the 
ability to view elements of the depth-map overlaid on the A-scan from which the elements were extracted. 
7KHDQDO\VWFDQWKHQµPRXVH-RYHU¶HOHPHQWVRILQWHUHVWWRYLHZLQGLYLGXDOFRQILGHQFHVDQGMXVWLILFDWLRQVIRU
each decision. 
6RPHGLVFUHSDQFLHVEHWZHHQWKHUHVXOWVRIRXUV\VWHPDQGWKHYHULILHGUHVXOWFDQEHDWWULEXWHGWRUHSOLFD
DQGKLVWRULFUHVXOWV&RQVHUYDWLYHJXLGHOLQHVVWDWHWKDWWKHPD[LPXPGHSWKUHFRUGHGIRUDJLYHQGHIHFWPXVW
EHWKHGHSWKUHSRUWHG$VDQDO\VWVUHYLHZDOOKLVWRULFDOPHDVXUHPHQWVSULRUWRDQDO\]LQJFXUUHQWGDWDLWLV
SRVVLEOHWKHUHVXOWVRIDSUHYLRXVPHDVXUHPHQWDUHUHSRUWHGLIDQHTXDOGHSWKPHDVXUHPHQWFDQQRWEHPDGH
7KHSULPDU\FDXVHRIWKLVLVGXHWRXOWUDVRQLFGDWDEHLQJJDWKHUHGXVLQJDPPKHOLFDOVFDQ,QWURGXFLQJ
DPPRIIVHWWRWKHLQVSHFWLRQWRROOHDGVWRWKHVFDQUHJLRQVEHLQJLQWHUOHDYHGDQGLQWKHFDVHRIQDUURZ
GHIHFWVVXFKDQRIIVHWFDQOHDGWRDVLJQLILFDQWFKDQJHLQWKHPD[LPXPGHSWKPHDVXUHG,QWKHFDVHVZKHUH
WKHGHSWKFDQQRWEHGHWHUPLQHGXOWUDVRQLFDOO\RUZKHUHWKHGHSWKPHDVXUHGLVFORVHWRLQGLFDWLQJDULVNIRU
'+&LQLWLDWLRQDUHSOLFDLVWDNHQ7KHUHSOLFDSURFHVVLQYROYHVFUHDWLQJDPROGRIWKHGHIHFWIURPZKLFK
H[WUHPHO\DFFXUDWHPHDVXUHPHQWVFDQWKHQEHPDGH&XUUHQWYHULILHGUHVXOWVGRQRWLQGLFDWHZKHUHPHDV
XUHPHQWVRULJLQDWH WKHUHIRUH LW LV SRVVLEOH WKDW WKHYHULILHG UHVXOW UHSRUWVDGHSWK WKDW FDQQRWPH PDGH
XOWUDVRQLFDOO\ 
7KHRXWOLHUVREVHUYHGDWDQRIIVHWDWDSSUR[LPDWHO\PPLQ)LJXUHDFDQEHDWWULEXWHGWRDSHUVLV
WHQWIHDWXUHWKDWFDQRIWHQEHREVHUYHGLQ$VFDQV,IQRRWKHUVXLWDEOHFDQGLGDWHGHSWKPHDVXUHPHQWVFDQ
EHIRXQGLQDJLYHQ$VFDQWKHVHIHDWXUHVDUHLQVWHDGUHSRUWHGDVUHIOHFWLRQVIURPDGHIHFW7KLVUHSUHVHQWV
DSRWHQWLDOLPSURYHPHQWWKDWFDQEHPDGHWRERWKWKHGRPDLQNQRZOHGJHDQGLQIHUHQFHFRPSRQHQWVRIRXU
NQRZOHGJHPRGHOVRWKDWWKH\DUHH[FOXGHGLQIXWXUH 
6 FURTHER WORK 
:KLOHWKHLQLWLDOUHVXOWVIURPWKLVWHFKQLTXHDUHSURPLVLQJLWLVDQWLFLSDWHGWKDWDJUHDWHUDFFXUDF\FDQ
EH DFKLHYHG E\ UHYLHZLQJ WKH NQRZOHGJH EDVH ZLWK D ODUJHU UDQJH RI GRPDLQ H[SHUWV 7KH H[LVWLQJ
NQRZOHGJHEDVHKDVEHHQGHULYHGIURPWKHNQRZOHGJHRIWZRDQDO\VWVZKLFKLVDUHODWLYHO\VPDOOVDPSOH
VL]H,QWKHIXWXUHUHYLHZLQJWKLVGDWDZLWKRWKHUGRPDLQH[SHUWVZLOOHQVXUHWKDWWKHFDSWXUHGNQRZOHGJH
LVUREXVWDQGFRQWDLQVPLQLPDOVXEMHFWLYLW\ZLWKUHVSHFWWRWKHDQDO\VLVSURFHVV 
,QDGGLWLRQDVWXG\ZLOOEHFRQGXFWHGLQWRWKHFDVHVZKHUHWKLVWHFKQLTXHIDLOVWRUHSRUWDGHSWKZLWKLQ
PPRIWKHYHULILHGUHVXOW'HIHFWVZLWKGLIIHUHQWURRWFDXVHVDSSHDUGLIIHUHQWZKHQLQVSHFWHGXOWUDVRQL
FDOO\DQGVRPHFDQEHPHDVXUHGZLWKPRUHVXFFHVVWKDQRWKHUV)RUH[DPSOHLIWKHV\VWHPFDQPHDVXUHWKH
GHSWKRIDOOGHIHFWVFDXVHGE\IXHOEXQGOHYLEUDWLRQWRDQDFFXUDF\RIWKHQDGGLWLRQDOFRQILGHQFHVFDQ
EHLQWHJUDWHGLQWRWKHV\VWHPZKHQWKH\DUHPHDVXULQJDSDUWLFXODUFODVVRIGHIHFW 
 
7 CONCLUSION 
7KLVSDSHUKDVSUHVHQWHGDQRYHODSSOLFDWLRQRIWKH&RPPRQ.$'6NQRZOHGJHHQJLQHHULQJPRGHO
QDPHO\WRDSSO\DQH[SHUWV\VWHPSURFHVVWRXOWUDVRQLFPHDVXUHPHQWVZLWKLQVWUXFWXUDOFRPSRQHQWVRIQX
FOHDUSRZHUSODQWV7KHUHVXOWVSUHVHQWHGVKRZWKDWWKHWHFKQLTXHKDVSURPLVHZLWKDQDFFXUDF\DSSURDFKLQJ
ZKHQFRPSDUHGWRPHDVXUHPHQWVPDGHE\DQDO\VWV$SURJUDPRIIXWXUHZRUNKDVEHHQSURSRVHGZLWK
WKHDLPRIEHLQJDEOHWRXVHWKHV\VWHPZLWKFRQILGHQFHGXULQJSODQQHGRXWDJHV 
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